Abstract: The embodied energy/CO 2 of buildings in China and Japan, which reflects the characteristic industrial efficiency of building materials, is described in this paper. The energy consumption and CO 2 intensities for the dominant materials used in buildings are derived from the energy consumption in factories, and the energy consumption to produce equipment is derived from IO (input/output) analysis in order to compare the embodied energy/CO 2 for buildings between China and Japan based on the same estimation method. Although the energy consumption of structures in China is two to three times greater than in Japan, the interior finish and air conditioning equipment, for example, are simpler and smaller. As a result, the embodied energy/CO 2 of office buildings in China is only 10% to 20% greater than that of Japanese office buildings. Thus, the embodied energy/CO 2 of buildings depends on both industrial efficiencies and building design trends of the country.
Introduction


The accuracy of the evaluation of energy consumption and related CO 2 emissions associated with buildings has been increasing, and such evaluations are being applied in the design of more energy efficient building envelopes and systems. Thus, the weight of the energy consumption and CO 2 emissions due to building construction is increasing, so that methods used to estimate these factors will become increasingly important. This paper demonstrates a method for comparing the embodied energy/CO 2 of buildings in China and Japan.
The difference in embodied energy/CO 2 of buildings is also shown from the view point of industrial energy efficiency, the quantity of materials used in the buildings, and the design of the buildings in the two countries. Fig. 1 shows a rough estimation of the total CO 2 emissions in various countries, and the corresponding fractions of embodied CO 2 due to building construction and public works. This figure is based on the calculation result with world IO (input/output) data and CO 2 emissions [1, 2] . The shaded areas indicate the total global embodied CO 2 . In particular, the fraction of embodied energy is higher in developing countries and often exceeds the building operation energy. As shown in Fig. 1 , the embodied CO 2 differs among countries depending on the building design, the CO 2 intensity of materials, and the quantity of materials used in the building. 
Input/Output Analysis
The embodied energy/CO 2 is obtained from the analysis of IO tables. The IO tables of Japan consist of 400 industrial sectors [3] , and those of China consist of 30 industrial sectors [4, 5] . Therefore, energy intensities of fundamental building materials, including concrete, steel, wood, and glass are derived from the energy consumption in industrial sectors corresponding to the material and the quantity of the material, which are expressed in terms of MJ/kg or MJ/m 3 . Energy intensity of equipment, which is expressed in terms of MJ/Yen or MJ/Yuan, is derived from IO analysis. Generally, since materials that have high energy intensity have only a slight influence on other industrial sectors, calculating the energy/CO 2 intensity based on energy and the quantity of material consumed in the factory may be sufficiently accurate for estimation of embodied energy and CO 2 emissions. Since this calculation method is also applied to embodied energy/CO 2 in Japan, it becomes possible to compare the embodied energy/CO 2 of buildings in China and Japan using the same methodology. The general domestic production X of each industrial sector can be calculated by Leontief inversion with final demand F (D) as follows: Since it is possible to obtain the energy consumption and domestic production in each industrial sector, the energy intensity E i (MJ/Yen) can be derived. The total ultimate energy consumption E F with final influences by X can be expressed as follows:
where:
n: number of industrial sectors in the country; X i : general domestic product in each industrial sector (Yen); E F : total ultimate energy consumption (MJ). Ultimate energy consumption and CO 2 emission, which are referred to as the energy/CO 2 intensity due to the final demand of 1,000 USD for each industrial sector, are shown in Table 2 for China and in Table 3 for Japan. 
Caloric Values and CO 2 Emission Factors
Calculation Results
Fraction of Embodied and Operation Energy and CO 2 Emissions of Buildings
Fig . 2 shows the calculation result of the fraction of ultimate embodied CO 2 due to the construction of buildings and civil engineering in China in 2000, as well as the CO 2 emissions due to operation of residential houses. In China, 18.1% of total CO 2 emissions are due to the construction of buildings, and 10.4% is due to the operation of residential houses. Thus, in China, the embodied CO 2 is greater than the CO 2 emissions required for operations. Fig. 3 shows the fraction of CO 2 emissions in Japan [8] . In Japan, 5% and 14% of total CO 2 emissions are due to building construction and the operation of residential houses, respectively. Including civil engineering, 16% and 32% of total CO 2 emission are embodied CO 2 due to construction and building operation, respectively. Generally, embodied energy/CO 2 tends to vary according to economic circumstances in the country more than operation energy/CO 2 . The embodied energy due to construction in developing countries is greater than that in developed countries because the first step in the development of the country is the construction of buildings an
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Embodied Energy/CO 2 of Office Buildings in China and Japan
Calculation Methods
The calculation method is as follows:  The energy intensities and CO 2 intensities shown in Tables 4 and 5 are used for the dominant building materials;  The energy intensities and CO 2 intensities in Tables 2 and 3 are used for other materials and equipments;  The energy/CO 2 for margin and transport from gate to site is obtained by IO analysis.
Buildings
The embodied energy/CO 2 of four office buildings in China and one office building in Japan are calculated. The corresponding floor areas are shown in Table 11 .
The structures of these office buildings are reinforced concrete. The plans of Office A in China and Office E in Japan are shown in Figs.4 and 5, respectively. The offices in China are located in northeast China and Office E is located in Tokyo. Table 12 shows the quantities of materials per unit floor area used in Office A in China and Office E in Japan, where the quantity of steel used for Office E in Japan is three times greater than that for Office E in China because earthquake countermeasures must be taken in Japan. Offices in Japan use concrete, whereas bricks are widely used in China. Since double glazing is common in northern China, the use of glass is more extensive in China than in Japan. Tables 13 and 14 show the embodied energy/CO 2 classified by construction work in Office A in China and office E in Japan. The embodied energy/CO 2 for the skeleton of Office A is three times greater than that for office E, where the skeleton is constructed from concrete, brick, and steel. The embodied energy/CO 2 for the foundation, the skeleton, and finish elements are greater in China, and embodied energy/CO 2 for other elements, especially HVAC, electrical, and sanitary elements, are lower for office A in China, because equipment used in offices in China is simpler than that used in Japan. One reason for this is the use of district n is almost the same as for the skeleton in Office E in Japan. This is because equipment installation is more complicated in Japan because of the need for cooling systems and complicated ceiling system with lighting etc.. These results for embodied energy/CO 2 in China and Japan show that embodied energy/CO 2 due to building construction depends on both industrial efficiency and building design.
Embodied Energy and CO 2 of Buildings
Conclusions
This paper describes embodied energy/CO 2 due to building construction in China and Japan using the same calculation method.
The energy and CO 2 intensities of industrial sectors are obtained by IO analysis.
The embodied energy/CO 2 of dominant building materials is obtained from the energy consumption and the quantity of material produced.
The embodied energy/CO 2 of office buildings is shown and compared between China and Japan.
The embodied energy/CO 2 due to building construction depends on both the industrial efficiency and the building design of the country such as earthquake resistance and so on.
Generally, it is effective to reduce embodied energy/CO 2 by using low embodied energy/CO 2 materials as well as reducing the quantity of materials used in buildings [10] . However, prolongation of building life-span is significant important and effective measure to reduce annual embodied energy/CO 2 even if embodied energy/CO 2 is slightly increased at present time.
